Neutrophil-mediated pulmonary vascular injury. Synergistic effect of trace amounts of lipopolysaccharide and neutrophil stimuli on vascular permeability and neutrophil sequestration in the lung.
The pathogenesis of acute lung injury in humans is obscure, but lipopolysaccharide (LPS), complement activation, and neutrophils have been implicated. We investigated in rabbits the interaction of small amounts of intravascularly administered LPS (100 ng) with neutrophil chemotactic factors, the synthetic chemotactic peptide formyl-norleucyl-leucyl-phenylalanine (FNLP), and the biologically relevant chemotactic fragments of C5 (C5f). These neutrophil stimuli produce neutropenia when injected intravascularly in rabbits, reflecting neutrophil adherence to vascular endothelium. When LPS was injected with FNLP, the duration of neutropenia was enhanced. Studies with radiolabeled neutrophils infused in vivo demonstrated prolonged neutrophil sequestration within the lung in rabbits that were given FNLP plus LPS, an effect that was visible for 4 h after injection. Morphometric analysis of tissue sections 4 h after infusion confirmed the presence of greater numbers of neutrophils in the lungs of animals receiving LPS and FNLP. When a combination of LPS and chemotactic factors was infused at both zero and 6 h, we found a marked enhancement of lung vascular permeability at 24 h (as assessed by radiolabeled albumin accumulation), an effect not seen with either LPS or chemotactic factor alone. Ultrastructural studies revealed neutrophil sequestration and alteration in endothelial cells in the animals that received the combination of LPS and chemotactic factors. Neutrophil depletion with nitrogen mustard completely abolished the increased vascular permeability seen in animals that received LPS and chemotactic factors. This study suggests that small amounts of intravascularly administered LPS enhance the sequestration of neutrophils within the lung and increase lung vascular permeability and endothelial injury caused by neutrophils stimulated by intravascularly administered chemotactic factors. This mechanism may be relevant to the production of acute lung injury in human beings.